Abstract-Detection of fatigue due to drowsiness or loss of attention in human drivers is an evolving area of research. Several algorithms have been implemented to detect the level of fatigue in human drivers by capturing videos of facial image sequences and extracting facial features such as eye closure rates, eye gaze, head nodding, blink frequency etc. However, availability of standard video database to validate such algorithms is insufficient. This paper discusses the creation of such a database created under on-board conditions during the day as well as night. Passive Near Infra-red (NIR) illumination has been used for illuminating the face during night driving since prolonged exposure to active Infra-Red lighting may lead to many health issues. The database contains videos of 30 subjects under actual driving conditions. Variation is ensured as the database contains different head orientations and with different facial expressions, facial occlusions and illumination variation. This new database can be a very valuable resource for development and evaluation of algorithms for the video based detection of driver fatigue.
INTRODUCTION
oss of attention in automotive drivers has been reported to be a major cause of road accidents [1] - [3] . Hence, to prevent such accidents, on-board monitoring of the alertness level in automotive drivers is necessary. In [4] Qiang Ji reported a review of noninvasive techniques to monitor human fatigue. The report states that the potential non-invasive fatigue monitoring measures are eyelid movements, eye gaze, head movement, and facial expressions. The visionbased approaches, being non-contact in nature, appear to be promising for estimating the aforementioned parameters. There has been some studies [5] - [7] with regard to head nodding, head pose, blink frequency, Average Eye-Closure Speed (AECS), PERCLOS, etc. as quantitative measures of the drowsiness level of an automotive driver. Several approaches [8] [9]- [14] have been reported to detect the drowsiness of the driver based on the above measures. However, because of lack of standard databases in the literature, it is difficult to compare such algorithms on a common platform. In this paper, we describe the creation of a dataset recorded onboard under actual driving conditions during day as well as night. The creation of night driving database has been achieved using NIR lighting. The use of NIR lighting for night driving has been already proposed in [15] . This database has been created to evaluate the performance of the face and eye detection algorithms under different on-board conditions of the day against variation in illumination and extreme lighting conditions. The database consists of videos of six drivers. The drivers were all male in the age group of 25 to 35 years age. A USB camera was placed on the dashboard and was connected to a laptop for recording the videos. The driver was asked to drive on rough roads as well as on highways. The recording was carried out in the midday during the period of 11:00 am to 1:00 pm. In our database, the subjects were allowed to move the face in an unconstrained but systematic manner, to capture every possible orientation of the face. The database contains faces with different facial rotations as well as varying facial expressions. The subjects were from different geographical regions of India, which ensures diversity in the database. Another advantage of the database is that, being a video database, the runtime performance of any algorithm can be tested with the database along with accuracy analysis.
The main objectives of creating the database include the following:
 Providing a standard platform for testing algorithms on face detection, eye detection, eye closure and blink rate detection, head pose estimation etc. for detecting driver fatigue;
 Testing the relative runtime performances of real-time algorithms on the video database.
Keeping in mind the limitation of eye detection algorithm for persons wearing spectacles [16] , the drivers were devoid of spectacles.
This paper is organized as follows. Section II discusses the experiment design and steps followed while creating database. Section II describes about the photographic condition like camera and the lighting system and overall quality of collected data. Section IV contains the details about the database content. Section V highlights on the demographics of the database. In Section VI, the availability of the database is provided and section VII concludes the paper.
II. EXPERIMENT DESIGN
An experiment was conducted in actual driving conditions for thirty days from 11:00 am to 1:00 pm during day and 6:00 pm to 9:00 pm with 1 subject per day. The subjects were asked to drive normally on rough roads as well as highways. The recording time for each subject was thirty minutes on an average. The videos were captured using camera capable of capturing NIR radiation. An NIR lighting system made up of Gallium Arsenide LEDs is prepared taking into consideration the safety illumination limits for recording the data during the night. Fig. 1 shows some images of a subject with varying illumination L during day time.
III. DATA ACQUISITION
The database was created under NIR illumination, so radiations in the visible spectra were avoided. Hence, the experiment was conducted after switching off all light sources except the NIR illuminations. An arrangement was made to prevent the illumination from the laptop screen.
A. Camera System A USB camera having Charge Coupled Device (CCD) sensor and capable of capturing NIR illumination was used to record the videos. The recordings were performed at 640 × 480 pixels resolution at 30 frames per second (fps). However, due to absence of light source camera exposure time increased automatically recording videos at lower fps for the recordings taken at night. Data from the camera is directly stored in computer through USB interface.
B. Lighting System
The lighting system was used only for night driving and consisted of three arrays of Ga-As NIR LEDs. The LEDs were mounted on the top of a car and was provided with a switch. The power rating of the device was 3 W.
C. Accessories
Apart from camera and NIR lighting system, a laptop was connected with USB camera to store the video. The NIR LED panel was fixed on the edge of the car ceiling. It was powered from the car battery via a voltage regulator. The voltage regulator unit, comprising of IC LM317 along with some resistors, a capacitor and an inductor, is used before the input to remove high voltage spikes from the car supply.
D. Discussion of Data Quality
In spite of the precautions taken and the adjustments made by the research team, noise persisted. Apart from this, some human errors were also introduced due to delayed response of the subject to the instructions and due to the misinterpretation and unfamiliarity of the subjects to certain instructions.
IV. DATABASE CONTENT
The database consists of 30 subjects in various conditions of day as well as night in NIR illumination. Prior consent was obtained from the subjects before the experiments which was approved ethically.
A. Head Poses Most of the possible head poses have been acquired for each subject. The different face poses are obtained by unconstrained movements of the subjects. Vertical, horizontal and random head movements were observed in the recordings as the part of the database. 
B. Occlusions
Most of the time face occlusions act as a barrier in face detection. To facilitate researchers with the database containing occlusions, we have included natural occlusions which mainly occurred due to the steering wheel. Sometimes the driver occluded the face naturally with their hands.
V.
DEMOGRAPHICS OF THE DATABASE Professional drivers have volunteered to take part in the database. Subject's details were determined by an optional questionnaire response. All drivers were male as it was reported in the literature that the driver fatigue is prevalent in long distance male drivers [17] . The above figures display some of the pictures taken from the dataset during night driving. Fig. 4 shows some frontal face images of a subject while Fig. 5 shows the off-plane and in-plane rotations.
VI.
AVAILABILITY The database will be made available to interested parties by the authors upon request in email (anirban1828@gmail.com or slhappy12345@gmail.com). A link will be provided containing the respective files with security access. A brief key explaining the file name and their content will also be provided. The facial images of some subjects may appear in research publications since they have granted permission in this regard.
VII. CONCLUSION This paper has described the creation of such a database created under on-board conditions during the day as well as night. Passive Near Infra-red (NIR) illumination has been used for illuminating the face during night driving since prolonged exposure to active Infra-Red lighting may lead to many health issues. The database contains videos of 30 subjects under actual driving conditions. Variation is ensured as the database contains different head orientations and with different facial expressions, facial occlusions and illumination variation. This new database can be a very valuable resource for development and evaluation of algorithms for the video based detection of driver fatigue.
VIII.
ACKNOWLEDGEMENT The authors would like to acknowledge Department of Information Technology, Government of India for financially supporting the research. The authors would also like to acknowledge the subjects for voluntary participation in the experiment for database creation.
